Objective: To explore the in¯uence of night blindness during pregnancy on nighttime work activities of women. Design and Subjects: A community based case-control study was used to compare nighttime activities of night blind (cases) and non-night blind pregnant women (controls) using a 24 h recall method to measure work activities (n 116 pairs). Setting: Rural South-Eastern district in the plains of Nepal.
Introduction
The daily lives of women living in rural communities of the developing world have been described as a`zero sum game'; a situation in which women are so burdened with work that the addition of any time-consuming task detracts from their ability to perform activities necessary for the subsistence of their families (McGuire & Popkins, 1989; Bentley et al, 1995; Leslie, 1989) . Women living in the plains of Nepal spend an estimated 10 h per day in productive, domestic and child care activities (Acharya, 1981) . Even during pregnancy, women in Nepal spend the same amount of time working and expend similar amounts of energy as non-pregnant women (Panter-Brick, 1989 , 1993 . This paper investigates the functional consequences of maternal night blindness, a condition caused by vitamin A de®ciency, on women's lives and work activities in a rural area of Nepal. Night blindness is characterized by impaired vision at dusk and night among women who have normal vision during the daytime. In rural Nepal 10 ±20% of pregnant women develop night blindness during pregnancy (Katz et al, 1995) . It is strongly associated with vitamin A de®ciency and a diet that is inadequate in vitamin A-rich foods, although other co-existing risk factors such as protein energy malnutrition, anemia, and morbidity also co-exist in women suffering from night blindness (Christian et al, 1998a) . This study probes further into this debilitating condition, caused by nutritional de®ciency, and its association with nighttime work activities of pregnant women.
Methods

Research setting
The study was conducted in the Sarlahi District, located in the southern lowlands of Nepal (Terai) close to the country's border with India. The climate in the region consists of a hot season lasting from April to June, the monsoon lasting from July to September, and a cooler dry season lasting from October to March. Agriculture is the major source of income in the area, with a large proportion of the crops including rice, corn and tomatoes transported to other areas of Nepal. Female literacy is low in Nepal (14%), as is access to facilities; 18% of the population has access to adequate sanitation and 63% has safe water supply (UNICEF, 1997) . None of our study population had access to electricity, an important consideration when examining nighttime activities, as the insides of houses at night are typically lit only by ®res in the hearth, and become dark after these ®res go out.
Selection of the study population Data were gathered from September, 1994 to November, 1995 as part of a population-based case-control study to examine risk factors associated with night blindness during pregnancy. The methodology is described in detail elsewhere (Christian et al, 1998a) . A weekly pregnancy surveillance set up for a large trial of maternal vitamin A and b-carotene supplementation (West et al, 1997) was used to identify pregnant night blind women in the community. Local women distributing study supplements were trained to obtain weekly histories from pregnant women in their area by using local terminology for night blindness. Pregnant women reporting to be night blind were revisited by trained data collectors to verify their condition using standardized questions regarding the signs and symptoms of night blindness. Upon enrollment of each night blind case, a non-night blind control was randomly selected and assessed in the same reported month of pregnancy as the case, thus matching for month of pregnancy and seasonal variation in diet and illness. Over a period of 15 months, 116 pairs of night blind cases and matched controls were enrolled in the study. Sample size calculations were based on detecting an odds ratio of 3 or more using low serum retinol as the principal exposure.
Data collection
Cases and controls were visited within one week of their selection for an interview and an examination which included anthropometric measurements and drawing blood for estimation of hemoglobin (Hb) and serum retinol. The interview included questions about night blindness, household characteristics, previous 7 d frequency of food intake and morbidity symptoms, and a 24 h activity recall. Anthropometric measurements, which included weight, height, and mid upper arm circumference, were taken using standard procedures described by Gibson (1990) . Hb was estimated using a portable hemoglobinometer (HemoCue Inc., Mission Viejo, California).
Assessment of work activities
Fifteen of the most frequently mentioned work activities of women from ethnographic in-depth interviews with 38 informants (Christian et al, 1998b) were selected for inclusion in the 24 h activity recall. Hand-drawn pictures showing women performing each of the activities were shown to the subjects while the interviewer described the activity taking place in the picture. This technique was found to be a useful approach to elicit response from a largely illiterate yet picture oriented population. Women were asked which activities they performed in three different time periods during the previous day.`Morning' was de®ned as the time from waking up until eating the ®rst of two daily meals (5 h).`Afternoon' was de®ned as the time from after eating the morning meal until just before sunset (7 h), and`night' was de®ned as the period from sunset until the time the woman went to bed (4 ±5 h). Women were then asked to sort the activities, which they reported for each time period, into two piles: one for activities that took a`long time' and the other for activities that took a`short time'. The decision to assess activity length in this way was made during the pre-testing of the questionnaire which showed that few women owned watches or were familiar with Western units of time estimation. From the 24 h recalls, therefore, we were able to obtain for each woman the number, type, and relative duration of each activity in which she had participated during the morning, afternoon, and night of the past day. In this paper, we focus mainly on the nighttime work activities of women. Night blindness and women's work P Christian et al
Data analysis
Statistical analysis was carried out using SAS version 6.11 (SAS Institute Inc, Cary NC). The Chi-square test was used for the categorical analyses. Guttman scaling (McIver & Carmines, 1981) was used to develop a socio-economic status (SES) scale using household assets. The combination of assets that produced the best scale were ownership of land, cattle, an upper storey to the house, and a bullock cart. A ®ve point scale ranging from 0 ± 4 was computed by summing the four dichotomous variables (coded 0 and 1) and strati®ed into low and high SES groups ( 2 vs >2). Gestational age was calculated using data on menstrual status of women collected prospectively as part of the pregnancy surveillance of the supplementation trial, and women's report of their last menstrual period. Season was classi®ed into hot or cold; the hot summer and monsoon months lasting from April 15 to October 15, and cold winter months for the remainder of the year. The cut-off for severe anemia was used to dichotomize women into those with Hb concentration`7 g/dl and !7 g/dl.
The purpose of the present analysis was to examine women's nighttime work activities as a consequence of night blindness (and not as an exposure) after controlling for other factors which are also known to impact work. We used multiple logistic regression analyses with nighttime activities as the dependent variable dichotomized into 0 vs any activity and night blindness status as the independent variable adusted for the effects of confounding variables. A stepwise logistic regression was done to select the independent variables to be included in the model. With this procedure, independent variables are entered and removed from the model in such a way that each forward selection step is followed by one or more backward elimination steps (SAS/ STAT, 1990) . The independent variables were casecontrol status, age, parity, household size, gestational age, socioeconomic status, arm circumference and Hb levels. Although this was an unmatched analysis, we adjusted for 
Results
Activity recall data showed that a majority of domestic indoor and outdoor activities performed by pregnant women during the previous day (cases and controls combined) were done during the daylight morning and afternoon hours (Figure 1) . Some activities such as grinding grain, cutting grass for fodder, chopping and carrying ®rewood, and working in the ®elds were reported exclusively in the daytime. Other activities were also done at night on a routine basis, such as cooking (38.3%), washing dishes (21.4%), and fetching water (12.6%). A majority of reported child care activities (60%), and a large proportion of reported occurrences of breastfeeding (32%) took place during the nighttime hours.
The total number of work activities during the nighttime of the previous day showed that signi®cantly (P`0X031) more cases (31%) than control (15%) reported not doing any work at night, and conversely, fewer cases (25%) than controls (37%) participated in two or more activities at night. The in¯uence of night blindness during pregnancy on different types of nighttime work is summarized in Figure  2 . Night blind cases were less likely P`0X002 to have reported washing dishes or fetching water than controls (50% vs 30%). There was no difference between cases and controls reporting these two activities during the daytime (data not shown). The percentage of cases and controls who reported cleaning, cooking, and childcare and breastfeeding the previous night was not signi®cantly different between groups.
When asked about the length of time it took to complete each activity done at night, a larger percentage of night blind women reported that the activities took a long time to do than controls, with the exception of childcare activities (Table 1) . This difference was, however, not statistically signi®cant. Combining the three time periods of the day, a signi®cantly higher proportion of cases than controls said they took a long time to wash dishes, fetch water, sweep, and cook (all P`0X05). All of these were routine activities (Figure 1 ) done multiple times in a day.
The in¯uence of night blindness on the likelihood of performing nighttime activities was also examined using stepwise logistic regression analysis controlling for potential confounders (Table 2) . Night blind cases were signi®-cantly less likely to do any work at night than controls (OR 0.l49, 95% CI: 0.25±0.98) after controlling for the signi®cant effects of gestational age, season and arm circumference. A weekly increment in gestational age was associated with a 6% decrease in the likelihood of doing work at night adjusted for other factors. Nighttime work activity was seasonal; women were less likely (OR 0.39, 95% CI: 0.18±0.81) to work at night during the hot season than in winter. MUAC was strongly associated with women's nighttime work activity. With every unit increment in MUAC, the likelihood of nighttime work as reported by women increased by 22%. Other factors such as age, parity, household size, socioeconomic status, and Hb concentration failed to be signi®cantly associated with women's nighttime work and were excluded from the analysis.
Night blind cases and controls also differed signi®cantly P 0X039 in the number of activities they reported during the daytime. A higher proportion of cases (40%) than controls (26%) performed a few (4 or less) activities during the day. Conversely, 47% of controls compared with 33% of cases did 5 ±7 activities. The percentage of women who reported doing more than 8 activities was similar between cases and controls ( $ 27%).
Discussion
To our knowledge, this is the ®rst study that explores the impact of vitamin A de®ciency manifest as night blindness on activities of daily living or rural pregnant women. Our ®ndings suggest that maternal night blindness impairs the ability of women to participate in normal work after the sun goes down. Women living in these environments are overworked with multiple demands on their time (Acharya, 1981) . A condition like night blindness of pregnancy can reduce women's daily functional time by cutting short the productive`work day' and affect the various roles they are expected to perform within the constraints of a few limited resources.
Our previous ethnographic study revealed that women are primarily concerned about night blindness because it limits their ability to participate in normal nighttime work activities (Christian et al, 1998b) . Our activity data substantiate these concerns. Night blind women were signi®-cantly less likely than controls to report participation in work activities at night. Even among night blind women who did work, night blindness apparently limited their ability to do tasks which required them to go outside such as fetching water and doing dishes which both require the woman to walk some distance outside to the village water source. In contrast, cases and controls did not differ in their participation in activities which could be done by the light of the ®re, such as cleaning, childcare and breastfeeding, and cooking. While other factors were associated with women's nighttime work activity, we were able to demonstrate that night blindness was independently related to doing no work at night. After controlling for the confounding effect of gestational age of pregnancy, season, and protein energy status, the odds of doing any nighttime activities by night blind women was lower by 50% in comparison to women with no night blindness.
In comparison to controls, night blind women tended to report longer times required to perform work at night. The difference was not statistically signi®cant, perhaps because of the small proportion of women reporting doing work at night. However, cases were more likely to report taking longer to wash dishes, fetch water, sweep, and cook relative to controls when all three time periods were aggregated together. Night blind women may be spending more time during the day on work activities commonly done at night, in order to accomplish tasks which they might otherwise have to perform when lacking night vision.
Night blindness and daytime activities Night blindness was also associated with a reduction in the number of activities reported by women during the daytime. Christian et al (1998a) cite numerous risk factors that cluster in night blind women in this population, including protein energy malnutrition, anemia, and reproductive illnesses. Health and nutritional factors such as anemia and protein energy malnutrition have previously Night blindness and women's work P Christian et al been shown to affect women's work performance (PanterBrick, 1992; Harrington, 1983; Alemu & Lindtjorn, 1995) . Nighttime work was strongly related to arm circumference measurement in the present study. Further exploration is necessary to determine the relative impact of nutritional and health factors on the activity pattern of women during the daytime.
Other factors in¯uencing nighttime activity Advancing gestational age of pregnancy was associated with lower nighttime work activity independent of other factors. Time allocation studies in Nepal and other developing countries, however, have shown pregnancy to have little or no effect on the total workload, or the total time women spend working (Panter-Brick, 1989 , 1993 Baksh et al, 1994) . A likely explanation for the seasonal difference in activity lies in our operational de®nition of nighttime and daytime activity. Since nighttime was de®ned in this study as the time after sun down, longer daylight hours during the hot season probably resulted in less time to do work activities in the evening. While seasonal changes in activity (Roberts et al, 1982) such as in the planting and harvesting of rice have been described, it is unlikely that a one time 24 h activity recall would be able to demonstrate such differences, especially for nightime activities.
Arm circumference is an indicator of protein energy status that remains stable during pregnancy in women from less developed countries where weight gains of pregnancy are low (Krasovec & Anderson, 1991) . Our results suggest that women's nutritional status as assessed by arm circumference measurements in¯uenced women's ability to work at night. A small body size is associated with reduced ability to work (Spurr, 1990 ) and a low BMI in adults with low energy expenditure (Alemu & Lindtjorn, 1995) . Severe anemia failed to be statistically signi®cant as a confounder in the presence of other variables. This maybe because Hb concentration was correlated with other variables in the model such as gestational age (r À0X14Y P 0X035, and MUAC (r 0X13Y P 0X036. Hb is also strongly associated with case-control status (Christian et al, 1998a) .
Limitations
Interviewers were not masked to case-control status as it was likely that they would be exposed to disease status of the informants during the course of the interview. This may have potentially resulted in an interviewer bias. Use of standardized questionnaires and adequate training and supervision was likely to minimize interviewer bias. Analysis of the daytime activities reveals that cases were doing less work even during the daylight hours which is unlikely to be due to an interviewer bias. Misclassi®cation of casecontrol status maybe another potential bias which may attenuate differences between cases and controls. This type of bias was minimized by verifying night blindness histories. Furthermore, a signi®cantly lower serum retinol concentration among cases relative to controls (Christian et al 1998a) , was a good validation of their clinical history. Selection bias was minimal in the study as all cases of night blindness that were reported and veri®ed to be night blind based on their symptoms were included in the study while controls were randomly picked from the population of pregnant women without night blindness.
Our data on the work activities used a 24 h recall method instead of direct observation and spot checks which are a more accurate means of exploring time allocation (Gross, 1984; Acharya & Bennett, 1982) . One of the assumptions made using a recall questionnaire was that a one-time daily recall administered to a population will re¯ect the typical work activities and factors in¯uencing work activities over time. The second assumption was that the total number of activities done by a woman over a period of time re¯ects her work load. The great diversity of work tasks done by the typical Maithili woman over the course of a day (Acharya & Bennett, 1982) supports such an assumption. However, inherent differences in the time and energy required to complete different types or work may also in¯uence the number of activities a woman does in a day. Moreover, since we restricted our recall to the 15 most frequently performed tasks, we may have excluded other, less commonly done activities.
Conclusions
Night blindness, an indicator of vitamin A de®ciency, functionally impairs women's ability to work at night independent of the potential in¯uence of other factors, and limits the diversity of tasks women are able to perform after sunset. This pregnancy-related condition may exacerbate the constraints imposed by a pregnancy on the various social, economic, and biologic roles of women. Therefore, in addition to being an indicator of nutritional and health stress, maternal night blindness may also have adverse implications on the social and economic well being of individual women and their families in Nepal.
